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(54) Limiter for audio system in which the limiting threshold is altered by the volume control 

(57) An audio system for a vehicle comprises an audio amplifier 14 and a manually adjustable volume control 
18 for setting the output level of the sound generated by a loudspeaker 20 connected to the output of the 
amplifier 14. The amplifier 14 includes distortion sensing means for detecting when the level of distortion of 
the output signal of the amplifier 14 exceeds a reference threshold and a control circuit 16 reduces the sound 
output level of the amplifier in response to a signal from the distortion sensing means. The reference 
threshold of the distortion sensing means 14 is varied in dependence upon the output level setting of the 
volume control 18 so that the allowable output distortion can be varied based upon user input. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 

This print takes account of replacement documents submitted after the date of filing to enable the application to comply 
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Audio System 

Field of the invention 

5 The present invention relates to an audio system and is 

particularly applicable to a vehicle entertainment system. 

Background of the invention 

10 Audio amplifiers tend to distort the audio signal when 

set at a high output level. Such distortion, apart from 
creating an unpleasant sound, can cause physical damage to 
the loudspeakers driven by the amplifier. It has therefore 
already been proposed to limit the degree of distortion by 

15 resorting to volume foldback, in other words the output 
volume of the audio amplifier is reduced as soon as a 
predetermined threshold of unacceptable distortion is 
exceeded. 

20 The distortion threshold that resulted in steps being 

taken in the prior art to reduce the output volume of the 
audio amplifier was fixed. Because ideally there should be 
no distortion at all, it was at first attempted to set a 
zero level of distortion and any detected distortion 

25 resulted in the output level of the audio amplifier being 
reduced. Surprisingly, the resulting improvement in sound 
quality was not found universally acceptable because some 
listeners objected to the reduction in maximum output power. 
It was found that some listeners were of the opinion that an 

30 audio system is under performing if it does not produce 
distortion at maximum volume, and to meet their needs a 
certain degree of distortion was not only acceptable but 
desirable. As a result, a compromise threshold was adopted 
that allowed some degree of distortion at maximum volume 

35 while still reducing the risk of damage to the loudspeakers 
through clipping of their driving signal. 
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The disadvantage of such a system is that distortion is 
tolerated even at volume levels below the maximum and this 
results in the sound quality at such lower volumes being 
compromised unnecessarily. 

Summary of the invent ion 

With a view to mitigating the foregoing disadvantage, 
the present invention provides an audio system for a vehicle 
comprising an audio amplifier, a manually adjustable volume 
control for setting the output level of the sound generated 
by a loudspeaker connected to the output of the amplifier, 
distortion sensing means for detecting when the level of 
distortion of the output signal of the amplifier exceeds a 
reference threshold and means for reducing the sound output 
level of the amplifier in response to a signal from the 
distortion sensing means, characterised in that the 
reference threshold of the distortion sensing means is 
varied in dependence upon the output level setting of the 
volume control . 

In the present invention, the distortion sensing means 
can be set to a very low distortion threshold when the audio 
amplifier is not operating near its maximum output level so 
25 that negligible distortion is allowed over most of the 
operating range. This meets the needs of discerning 
listeners who are not willing to sacrifice sound quality for 
increased output power. 

30 Near the maximum output level setting of the volume 

control, the reference threshold of the distortion sensing 
means may be increased to permit some higher level of 
distortion. Even at the maximum setting of the volume 
control, the distortion is limited to avoid damage to the 

35 connected loudspeakers, by the volume foldback as described 
above . 
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The reference threshold of the distortion sensing means 
may be varied continuously as a function of the volume 
control setting or in a plurality of steps. In the 
currently preferred embodiment, the reference threshold can 
adopt one of only a few values, depending upon where the 
setting of the volume control is above of below given 
limits . 

Brief description of the drawings 

The invention will now be described further, by way of 
example, with reference to the accompanying drawing in which 
the single figure is a schematic diagram of a vehicle 
entertainment system . 

Detailed description of the preferred embodiment 

The output signal from an audio source 10, which may be 
a radio tuner, a cassette player or a CD player, is applied 
to an amplifier 14 with a built in distortion detector by 
way of an attenuator or volume control 12. The amplifier 14 
is connected in the usual manner to a loudspeaker 20. 

A control circuit 16, which may be a microcontroller, 
is connected to the amplifier 14 and the attenuator 12 and 
acts to reduce the set output level of the amplifier 14 when 
distortion above a reference threshold is detected in the 
amplifier 14. An input device 18, which may for example be 
a pair of UP and DOWN buttons, is connected to the control 
circuit to vary the setting of the attenuator in order to 
increase and decrease the sound output level. 

As so far described the circuits are generally 
conventional and their construction will be clear to the 
person skilled in the art without the need for more detailed 
explanation • 
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In prior art systems, the reference threshold in the 
amplifier 14 that sets the maximum amount of distortion that 
may occur before a signal is sent to the control circuit 16 
is fixed. Whichever level of distortion is set as being 
5 acceptable will therefore be applied over the entire output 
level range of the amplifier and distortion can occur even 
at relatively sound low output levels. 

In a typical application of the invention, the control 
10 circuit 16 not only receives the signals from the amplifier 
14 that indicate that the permitted level of distortion has 
been exceeded but also sends a signal, which is preferably a 
digital signal, to set the distortion reference threshold 
level of the amplifier. The control circuit 16 thereby acts 
15 on the distortion sensing means within the amplifier 14 to 
decrease the threshold of distortion when a low output level 
is set by the user input 18 and increase the distortion 
threshold to allow a greater amount of distortion when a 
higher sound output level is manually selected by the user. 

20 

In a simple example, if the sound output level is 
adjustable on a scale of 1 to 3 0 as is commonly the case, 
for as long as the user sets the volume level below 28, the 
reference threshold of the distortion sensing means within 

25 the amplifier 14 is set at zero so that all distortion is 
eliminated by volume foldback in the manner earlier 
described. When however the listener sets the volume to a 
value of 29 or 30, that is to say near to the output level 
limit of the amplifier, then a higher degree of distortion, 

30 say 10% is allowed, before volume foldback occurs to reduce 
the output level of the amplifier. 

By suitable design of the amplifier 14, it is possible 
to set multiple threshold values, if desired. 

35 

The combined amplifier and distortion detector 14 is 
commonly designed as an integrated circuit and the threshold 
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that sets the permissible level of distortion is determined 
by a voltage reference within the integrated circuit. 
Because of the wide tolerances in the manufacture of 
integrated circuits, it is not practicable to compare an 
5 internal voltage of the integrated circuit with an 

externally applied analogue reference voltage. Instead, it 
is preferred to provide an internal voltage reference in the 
integrated circuit in which the reference level can be 
adjusted by the external control circuit 16. 

10 

The manner in which the level of distortion is detected 
is known in the art and has not therefore been described 
herein in detail. It may rely on a comparison of the input 
and output signal of the amplifier or be based on an 
15 harmonic analysis of the output signal of the amplifier. 

The method of detection is not fundamental to the invention. 
It is only essential in the invention to be able to reduce 
the permitted distortion limit in dependence upon the manual 
setting of the volume control . 
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CLAIMS 

1 . An audio system for a vehicle comprising an audio 
amplifier, a manually adjustable volume control for setting 
5 the output level of the sound generated by a loudspeaker 

connected to the output of the amplifier, distortion sensing 
means for detecting when the level of distortion of the 
output signal of the amplifier exceeds a reference threshold 
and means for reducing the sound output level of the 
10 amplifier in response to a signal from the distortion 

sensing means, characterised in that the reference threshold 
of the distortion sensing means is varied in dependence upon 
the output level setting of the volume control. 

15 2. An audio system as claimed in claim 1, wherein the 
reference threshold of the distortion sensing means is 
varied in discrete steps as a function of the volume control 
setting. 

20 3. An audio system as claimed in claim 2, wherein 

reference threshold of the distortion sensing means can 
adopt one of only two values, depending upon whether the 
setting of the volume control is above of below a given 
limit. 

25 

4 . An audio system constructed, arranged and adapted to 
operate substantially as herein described with reference to 
and as illustrated in Figure 2 of the accompanying drawings . 
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